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S A T E L L I T E  ORBITAL DATA 

1.  ORBITAL INFORMATION 

The  orb i ta l  e lements  have been der ived by the indicated staff m e m b e r s  

of the Sate l l i te-T racking P r o g r a m ,  Smithsonian Astrophysical  Observatory,  

employing the SAO Different ia l  Orbit  Improvement  P r o g r a m  (DOI). 

A s  opposed to osculating e lements ,  the e lements  presented h e r e  a r e  

m e a n  e lements  i n  the  s ense  that  the  effects of the shor t -per iod per turbat ions  

due to  the  e a r t h ' s  oblatene s s  have been el iminated.  

SAO m e a n  e lements  have been de rived f r o m  prec i se ly  reduced obs e rva-  

t ions covering s eve ra l  days and a r e  given i n  the  f o r m  of a table. The  suc-  

ce s s ive  s e t s  of e lements  a r e  essent ia l ly  independent of each other. They 

a r e  dependent, however, in  the  s ense  that  h igh-order  coefficients i n  the  

s ecu l a r  and the  long-periodic t e r m s  a r e  generally considered a s  known and 

a s  constant  f o r  per iods  of s e v e r a l  weeks o r  months, a s  dictated by conven- 

ience. 

The  t i m e s  of epoch in  the  m e a n  e lements  a r e  reckoned in  Ju l ian  Days,  

but f o r  the sake of convenience the number  2400000. 5 has  been subtracted to 

provide an  abbreviated notation, which we cal l  "Modified Ju l ian  Days, " o r  

"MJD. " 

The units  of the orbi ta l  e lements  a r e  deg ree s  f o r  angular  quantities, 
6 

m e g a m e t e r s  (Mm = 10 m e t e r s )  f o r  l i nea r  quantities, and revolutions fo r  

the  m e a n  anomaly M and i t s  de r iva t ives .  

This work was supported by  g r an t  NGR 09-015-002 f r o m  the National 
Aeronaut ics  and Space Adn~ in i s t r a t i on .  
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Table 1.. Station coordinates 

Stat ion no. x (Mm) Y (Mm) z (Mm) Sta t ions  

9001 -1. 535759 -5.  166995 3.401 041 Organ  P a s s ,  New Mexico  

9002 5. 056 126 2. 716485 -2. 77581 6 Olifantsfontein, South A f r i c a  

9003 -3. 983750 3. 743101 -3.275593 Woomera,  A u s t r a l i a  

9 004 5. 105593 -0. 555232 3. 769674 S a n  Fe rnando ,  Spa in  

9005 -3. 946697 3. 366286 3.698843 Tokyo, J a p a n  

9006 1. 018205 5.471 100 3. 1 096 14 Naini T a l ,  India 

9007 1. 942769 -5. 804078 -1.796961 Arequipa,  P e r u  

9008 3. 376882 4. 403985 3. 136254 Sh i r az ,  I r a n  

9009 2. 251820 -5. 816915 1. 327164 Curaqao,  Nether lands  Ant i l les  

901 0 0. 976282 -5. 601 389 2. 880242 Jup i t e r ,  F l o r i d a  

901 1 2. 280575 -4.914569 -3.355457 Villa Do lo res ,  Argent ina  

901 2 -5.466055 -2 .404275 2. 242 170 Maui, Hawaii  

9 02 3 -3. 977738 3. 72511 5 - 3. 303060 Island Lagoon,  A u s t r a l i a  

9114 - 1. 264846 -3.466880 5. 185464 C o l d L a k e ,  Canada 

91 1 5  3. 121268 0. 592616 5. 512673 Oslo, Norway 

9117 -6. 007395 -1. 11 1893 1. 825725 Johns ton  Island 



Table 2. Tesse ra l  harmonics 

THE COEFFICIENTS ARE - 



Table 3. Values of the constants  GM and J used i n  
orbi t  ca lcula t ion 

Table 4. Zonal harmonics  used in orbit calculation 









r 
(M J D )  

38442,O 

38444,O 

38446.0 

3844&,0  

3 8 4 5 0 0 0  

3 8 4 5 2 r 0  

3 8 4 5 4 0 0  

38464.0 

38464,O 

3 8 4 6 8  S O  

3 8 4 7 4 - 0  

3 8 4 7 6 1 0  

38478eO 

3 8 4 8 0 0 0  

38BcBZsU 
\o 

3 8 4 8 4 ~ 0  







' A  3 r d  o r  4 th  degree  polynomial has been 1 ~ s e d  in the mean-anomaly equation to facil i tate c 

































NO TICE 

This series of Special Reports was instituted under the supervision 
of Dr. F. L. Whipple, Director of the Astrophysical Observatory of the 
Smithsonian Institutian, shortly after the launching of the first artificial 
earth satellite on October 4, 1957. Contributions come from the Staff 
af the Observatory. 

F i r s t  issued to ensure the immediate disseminati~n of data for satel- 
lite tracking, the reports have continuedto provide a rapid distribution 
of catalogs of satellite observations, orbitdl information, and prelimi- 
nary results of data analyses prior to formal publication in the appro- 
priate journals. The Reports a re  also used extensively for the rapid 
publication of preliminary or special results in other fields of astro- 
physics. 

The Reports are  regularly distributed to all institutions partici- 
pating in the U. S. space research program and to individual scientists 
who request them from the Publications Division, Distribution Section, 
Smithsonian Astrophysical Observatory, Cambridge, Massachusetts 
02 1 38. 




